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^) PERCUTANEOUSLY ABSORBABLE PREPARATION. 



,: £> A percutaneously absorbable preparation which can long stably preserve a water-soluble drug capable of 
exhibiting the effect in a small dose and being readily decomposable, solid at ordinary temperature and 
difficultly absorbable percutaneously and which can sustainedly release the drug percutaneously at a high rate 
when applied to the skin. The preparation comprises a drug store layer wherein a drug is incorporated and a 
drug release control membrane for coating the drug release surface of the drug store layer. This layer is made 
from a heat-sensitive segmented polyurethane which is represented by the following general formula: R-A-(U)-F- 
(U)-B-R'. (wherein A and B represent each a homopolymer or a random or block copolymer of ethylene oxide. 
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propylene :*ide. ten ametnyiene oxide or 1 ,2-buty lene o^ae. R aria FT represent each H CH... C hU . C-H- or 
C;H : . as the terminal of each of A nad B: A = B or A*B. R = R' or R=*R T F represents the f esidue of a 
dnsocyanate compound: and fU) represents a urethane oondi and wherein at least one of A and B is hydrophinc 
and at least one of them will meit near the human skin temperature. The drug release control membrane 
comprises a phase-separanon membrane wherein a cross-linked gelatin phase and a non-cross-linked seg- 
mented poyurethane phase are .ntermmgled 
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Technical Field 



This invention relates to a transdermal absorption preparation which is a system for slowly releasing a 
drug into the body through the skin (TTS; Transdermal Therapeutic System). 

Technical Background 

In general, methods for administering drugs may be classified into (1) transmucosal administration (via 
digestive or respiratory organs, intranasal, intrabuccal. sublingual, intraocular, or anal), (2) injection (intra- 

w venous, subcutaneous, intramuscular), and (3) transdermal administration. Among these methods, the skin 
has been used for a long time as the administration site for drugs and there are a number of preparations 
therefor (for example, ointments, pastes, liniments, lotions, etc.). However, these preparations mainly aim at 
taking effects locally at the administration site. 

In recent years, therefore, a transdermal therapeutic system (TTS). which is one of drug delivery 

;s systems (DOS), has been developed in order to deliver a drug to the systemic circulatory system. 

Compared with injections and oral preparations, the transdermal absorption preparation of this system 
has the following advantages. (1) The drug concentration in the blood can be maintained at a constant level 
for a definite period of time, thus giving a sustained effect. (2) The first pass metabolism in the digestive 
tracts and the liver can be avoided. (3) It suffers from neither any damages in the digestive tracts caused by 

20 oral preparations nor any pain or tissue damages due to injections, and it does not require regular 
outpatient treatment but is usable in home treatment. (4) The application frequency can be lowered and, as 
a result, compliance can be improved. (5) It can be peeled off anytime to thereby cease the absorption after 
administration, which makes it easy to avoid the occurrence of side effects and excessive administration. (6) 
A drug having a short half-life can be continuously administered. 

25 Because of these advantages, it was once considered as technically possible and meaningful to apply 

the TTS to any drug and thus studies were extensively carried out for this purpose However, the following 
requirements should be satisfied for applying TTS (1) The drug has a small molecular weight and a low 
melting point. (2) It has a time-dependent effect. (3) It has a low effective concentration in the plasma. (4) 
The change in the dosage form contributes to the solution of the problems actually encountering in the 

30 conventional injections or oral preparations. 

In addition, the skin has some problems as an administration site. For example (1) drugs, in particular, 
water-soluble ones hardly permeate into the skin or are hardly absorbed. (2) The release and absorption of 
drugs are liable to vary depending on the site and damaged conditions of the SKin and from individual to 
individual. (3) There is a risk that repeated applications to a skin site may cause inflammation, (4) There is a 

35 possibility that drug-metabolising enzymes contained in the skin may inactivate drugs. In addition, there are 
other problems that it is highly difficult to manufacture a preparation wherein a drug which has a short half- 
life and easily undergoes decomposition can be maintained in a stable state. The development of TTS is 
hindered by these problems. 

Drugs which have been practically employed in transdermal absorption preparations aiming at de- 

40 iivenng the drug to the systemic circulatory system are limited ones, such as scopolamine for preventing 
motion sickness, nitroglycerin and isosorbide dmitrate for treating angina pectoris, cionidine for treating 
hypertension, estradiol for relieving follicular hormone depression and nicotine for preventing smoking. 

The drug-storing layers of transdermal absorption preparations which are put into a practical use can be 
roughly classified from the standpoint of storage and release of drugs into (1) a reservoir type, (2) a matrix 

45 type, (3) a pressure-sensitive adhesive (autohesion) tape, (4) a multilayer adhesive tape, and (5) others. 
Each of the drug-storing layers uses, as a base thereof, a silicone oil in (1), a hydrophilic polymer such as 
polyvinyl alcohol (PVA). polyvinylpyrrolidone (PVP), etc., or a silicone elastomer in (2) and an acrylate type 
adhesive (PSA) in (3). The above-described (4) includes a preparation in which adhesive layers having 
different affinities to the drug are overlaid in a multilayer so as to control a releasing property. In addition. 

so transdermal absorption preparations having various polymers such as a natural rubber, synthetic rubbers, 
cellulose, synthetic resins, etc. as the base for the drug-storing layer are now under investigation. 

A drug-storing layer in the above-described transdermal absorption preparations (1) and (2) is generally 
coated with a drug-releasing controlling membrane (a drug permeation membrane). As this drug-releasing 
controlling membrane, a polymer membrane of an ethylene vinyl acetate copolymer, an acrylic resin, a 

55 polyethylene, ethyl cellulose, etc.. and a porous membrane thereof are used. In particular, a gelatin 
membrane discussed by the present inventors in JP-A-63-1 4681 2 (U.S. Patent No. 4,997,656; the term "JP- 
A" as used herein means an "unexamined published Japanese patent application") is not irritative to the 
skin and causes no inflammation and, from this standpoint, is considered to be superior to the above- 
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described polymer 'membranes. 

The purpose of ordinary transdermal absorption preparations s to naturally diffuse the drug »n the ease 
and to distribute and transfer the drug to the skin side and aiiow the drug to be absoroed by the living ocdy 
upon merely adhering the preparation to the skin surface by utilizing the concentration gradient of the drug 
v as a driving power for the dr'usion and release without depending upon a method of applying an external 
energy such as electricity or ultrasonic wave. Thus, the use of the ord-nary transdermal absorption 
preparation is convenient. In order to achieve tne above purpose, .t is necessary 'hat the base of the drug- 
storing layer has at least the following chemical and morpnoicgical characteristics. 

(a) Tne base and the drug are r ecu i red to have an appropriate affinity i compatibility) The term 
'0 "appropriate" used herem means that the affinity is such a degree that the drug is capab e of leaving the 

base and transferring to the skin. The releasing ratio of the drug vanes remarkably depending upon the 
above affinity, and also the 0 order release is obtainable. 

(b) The base is required to be a -iqu'd at ordinary temperatures or. apparently to be in an intermediate 
form ootween solid and liquid states such as a swollen gel which is a liquid-containing form, so that the 
drug tin particular, a solid drug) can diffi.se in the base. In the reservoir type practically used, a silicone 
oil which -s a liquid is used, and in the matrix type, a hydrogel of a water-soluble polymer is used Also, 
when a s licone elastomer which is a rubbery polymer is used, the drug is dispersed therein together 
with a solvent. In tne case of an adhesive tape, a tackifier is dispersed as a liquid m an adhesive, anc the 
adhesive per se is a gel which is in an ntermediate region between solid and liquid forms. These facts 

20 satisfy the above-described requirements of the base 

However, the type wherein the drug s supported in the adhesive does not generally have a relatively 
high releasing ratio of the drug. Also, although an oily or aqueous swollen gel has the releasing ratio 
slightly higher than that of the above type, some drugs may have problems in the storage stability when 
a preparation is produced by using the swollen gel More specifically, there are: possibility of changes in 

jb the initial dose of the drug due to release of a solvent or water as a swelling medium with the passage of 
time, as well as the modification of the drug by a reaction with a 'dispersing medium. Further, in the case 
of the reservoir type wherein a liquid drug is blended in a liquid with a powdery material such as an 
emulsifying base, or wherein a sohd drug is dispersed together with a liquid co-soivent. these 
components tend to transfer to the surface of the preparation during storage and hence it is unavoidable 

jo that the drug accumulates at a high concentration in the release-controlling membrane covering the base 
(i.e.. a drug permeation membrane), and there- may be a problem that the drug is drastically released at 
the initial stage of the application. 

(c) The base is required to have a low irritation to the skm or substantially no irritation. Since the 
transdermal absorption preparation is generally replaced repeatedly, a skin inflammation causes a great 

3$ problem Thus, reduction in the size of the preparation is advantageous. 

(d) Even if the drug takes effect with only a small dose of several micrograms and is unstable such that 
the drug is easily modified by air. moisture, heat, or the like, it is necessary that the drug can be stored 
stably and released at a high releasing ratio. The dug of which formulation into a transdermal absorption 
preparation is particularly significant is those having a high decomposition ratio m the digestive tract, 

■jo liver, etc . a short ^alf-iife and a low effective serum concentration. Most of these drugs have the above- 
described characteristics and hence it is necessary to take any countermeasure thereto. 

(e) Even if the drug is water-soluble and has poor permeability and absorption through the skin, it is 
necessary that the drug can be slowly released into the body at a high efficiency, It is desirable that the 
above can be achieved, m particular without using an absorption enhancer, etc Recently, studies on the 

45 absorption enhancer have been made extensively, but troublesome issues are involved therein such as 
the necessity of investigation on the toxicity of the enhancer itself. 
For solving the above-described problems, the present inventors developed the transdermal absorption 
preparation described in JP-A-63-14681 2 That is. the base polymer as the drug-storing layer in this 
transdermal absorption preparation is a heat-sensitive and water-sensitive amphipathic polymer which is a 
50 segmented polyurethane in which block linkages are adjusted in such a manner that the hydrophilicity 
increases as the block comes ciose to one end of the polymer molecule and the hydrophobicity or 
lipophilicity increases as the block comes close to other end of the polymer molecule. 

In the above amphipathic: segmented polyurethane. a balance of hydrophilicity and the hydrophobicity 
and a molecular weight of constituting molecules of the segments are adjusted so that the polymer can 
55 dissolve or melt in response to water or heat. When it is dissolved or molten, the hydrophilic segment 
solubilizes a hydrophilic drug and the hydrophobic (lipophilic) segment solubilizes a hydrophobic (lipophilic) 
drug. Generally, drugs have a structure containing polar groups or non-polar groups and have hydrophilic. 
lipophilic or amphipathic characteristics and is dissolved in the same type of solvents. Even if the drug is 
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e -ceptionally insoluble in solvents, the drug takes effect as long as it is dissolved in a very minute amount 
and, therefore, the drug may be investigated at a level of a very low solubility. Accoroingly. the drug is 
necessarily assigned to any of the above-described groupings. Also, since the solubilization by this polymer 
makes it possible to dissolve the drug at a molecular level, i.e.. as a molecular dispersion it is particularly 

s effective for slow-releasing of a physiologically active material which takes effect with a ver/ minute dose of 
several micrograms per prescription. In other word, in order to store a drug which has a low effective serum 
concentration and which takes effect even with a very minute dose and to release the drug, dispersion of 
the drug at a molecular level is essential. Most of these physiologically active materials are also easily 
decomposed by oxygen, water, heat, etc. However, as the term "heat-sensitive property" connotes, the 

w polymer keeps a solid state at ordinary temperatures below the temperature of human skin (i.e . below 
30* C) and hence the drug can be stably maintained -n a solid When applied to the surface of a living 
body, the polymer is easily transformed from a solid to a liquid by sharply responding to the temperature of 
the body surface. As the term "amphipathic" connotes also, the polymer responds to water and thus the 
polymer is dissolved by a small amount of water exuded from the body surface, and the drug is diffused 

75 and transferred in the polymer and absorbed by the skin through the drug-permeation membrane on the 
surface. Although some drugs are in a liquid state at ordinary temperatures, most of drugs are in a solid 
state. In order to release a solid drug by diffusion in a base and to absorb the drug into the skin, the base 
must be either a liquid or a gel material. The above-mentioned polymer satisfies this requirement and can 
be used as a base polymer for a transdermal absorption preparation applicable to many drugs. 

20 However, as a result of further studies, the present inventors found that a heat-sensitive polymer having 

a higher hydrophilicity is required for, among others, water-soluble drugs which are difficult to permeate into 
the skin. Also, it has been found that, in order to release these drugs efficiently within a short period of time, 
for example, a predetermined time of from 24 to 48 hours, the dissolved and molten polymer is required to 
have a lower viscosity and form an environment in which the drug is easily diffused. 

25 In addition, with respect to the above-described polymer membranes which have been used as drug- 

releasing controlling membranes (drug permeation membranes) coating drug-storing layers, it is difficult to 
control the rate of transfer of a minute amount of a certain type of drugs in the membrane and to control its 
permeation amount Therefore, they are scarcely applicable to transdermal absorption preparations wherein 
the amount of a drug in a minute amount to be absorbed by the skin should be strictly controlled. Thus, it is 

30 understood that a drug-releasing controlling membrane capable of regulating these factors at a high 
releasing ratio is necessary. 

It is an object of the present invention to provide a transdermal absorption preparation whereby these 
requirements can be satisfied 

35 Disclosure of the Invention 



To achieve the above object, the present invention provides a transdermal absorption preparation which 
comprises a drug-storing layer containing a drug and having a drug-releasing face coated with a drug- 
releasing controlling membrane, wherein said drug-storing layer comprises as a base a heat-sensitive 
40 segmented polyurethane represented by the general formula: 

R - A - (U) - F - (U) - B - FT 

wherein A and B each represents a polymer of ethylene; oxide, propylene oxide, tetrarre-thylene oxide or 
45 1 ,2-butyiene oxide, or a random or block copolymer thereof, R and R' each represents a terminal H, CH 3 . 
C?H 5 , C3H7 or CiHg, A = B or A*B, R = FT or R*R\ F represents a constituting structure which is a moiety 
of a diisocyanate compound excluding two isocyanate groups, and (U) represents a urethane bond, and at 
least one of A and B is hydrophilic and at the same time at least one of A and B has a characteristic that it 
melts near the temperature of human skin {30 to 40 ; C); and wherein said drug-releasing controlling 
50 membrane is a phase-separated membrane comprising a mixture of a crosslinked gelatin phase and said 
uncrossiinked segmented polyurethane phase-. 

Preferable embodiments of the transdermal absorption preparation of the present invention include 
those wherein, in the above general formula, (1) at least one of A and B is an ethylene o<ide polymer, (2) 
one of A and B is an ethylene oxide polymer and another one is a tetramethylene oxide polymer, (3) one of 
55 A and B is an ethylene oxide polymer and another one is a butylene oxide polymer. (4) both of A and B are 
ethylene oxide polymers. (5) at least one of A and B is a random or block copolymer of ethylene oxide and 
propylene oxide. (6) one of A and B is an ethylene oode polymer and another one is a random or block 
copolymer of ethylene o*ide and propylene oxide. (7) the number-average molecular weight of each of the 
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above-descnbed ethylene oxide polymers range from 800 to 1.200. i8) te total molecular weight of the 
segmented polyurethane serving as the- base of the drug-storing <ayer ranges from 1.000 to 6 000 as the 
number-average, and (9) the- drug-reieasmg controlling membrane contains glycerin and or poiyglycenn. 

F g. 1 is a sectional /iew which shows the fundamental structure of the transdermal absorption 

; ) preparation according to the present indention: arid Fig. 2 is a top view of the same wherein 1 represents a 
surface layer. 2 represents a pressure-sensitive adhesive layer acoiied onto the surface layer. 3 represents 
a hard base. 4 represents a drug-storing layer. 5 represents a drug-releasing controlling memorane (phase- 
separated membrane) and 6 represents a liner. 

T!~e surface layer 1 and the hard base 3 sticking thereto serve as a support of the transdermal 

'0 absorption preparation and orevent the moisture-absorption during storage as well as the bleed-through ot 
the drug onto the opposite side to the skin. This surface layer 1 is made of a synthetic resin film of. for 
example, polyethylene, polypropylene, flexible polyvinylchionde. ethylene vinyl acetate copolymer, eth- 
ylene vinyl alcohol copolymer or polyethylene terephthalate. it is oreferably made of a low-modulus material 
excellent in flexibility, strete hability. feel ana texture (for e> ample, a fle-ible polyurethane film, a flexible 

* c > polyvmy Ichlond oam. an ethylene vinv! acetate '".m. a 1 2-polybutadiene foam or a moistureproof and 
gas-barner non-\oven fabric treated with a polyr- m each having a 100 °o modulus of about 5 kg cm- 
or below). Among these materials, a 1 ,2-poiybu e *oam may be cited as one causing no blocking, 
having a small thickness and a high safety withou. "*enng from any bleed-through of a plasticizer Thus, it 
is one of the most desirable materials. When easiness in handling are taken into consideration, the 

20 appropriate thickness of the surface layer is from 0.15 to 10 mm It is sometimes possible that the front 
surface or the back surface of the material is treated with a surface-treating agent so as to slip and to 
prevent peeling-off. when it comes in contact with lothes. or to prevent the bleed-through of the drug or the 
adhesive onto the surface layer. 

The hard base 3 applied onto this surface layer 1 via the pressure-sensitive adhesive layer 2 aims at 

25 preventing the transfer of the drug and the base, which serves as the drug-storing layer toward the surface' 
layer 1. When the skin moves, the flexible surface layer 1 presses this hard base 3 onto the skin and makes 
the preparation to closely stick thereto. Thus, it is another object of the hard base 3 to facilitate the transfer 
of the drug toward the skin. This hard base is made of a hard sheet or film of. for example, polyvinyl 
chloride polyethylene terephthalate, polypropylene polyethylene, polystyrene or polymethyl methacrylate. 

30 The- oressure-sensitive adhesive layer 2 contributes to the mutual sticking among the surface layer 1 

the ha> ^ oase 3 a' d the phase-separated memorane 5 serving as the drug-releasing controlling membrane 
and to *ie adheson of the preparation to the nurman skin. By using the adhesive having hydrophilic ot 
iiooph. . characteristic contrary to a base and a drug, run-off of the polymer and the drug in the drug- 
storing layer 4 into the pressure-sensitive adhesive layer 2 can be prevented. It is also possible that a part 

35 coming into close contact with the skin is exclusively replaced with a material which is highly compatible 
with the skin. In general, acrylic or rubber pressure-sensitive adhesives can be used therefor. Alternatively 
vegetable adhesives of polysaccharide type or adhesives from animals, such as gelatin, may optionally be 
employed therefor. The thickness of this adhesive layer 2 preferably ranges from about 20 to about 500 
urn. 

40 As the liner 6. a silicone-treated mold-release paper or a mold-release film commonly employed in the 

art may be used. This liner 6 is pee'ed off before the transdermal absorption preparation is applied onto the 
skin. 

The transdermal absorption preparation according to the present invention is mainly characterized by 
the drug-storing layer 4 and the drug-releasing controlling membrane 5 (drug permeation membrane) 
45 coating the drug-releasing face of the drug-storing layer. 

This drug-storing layer 4 has a novel segmented polyurethane >sented by the above general 
formula as a base. Illustrative examples of the structure thereof are she Table 1 below. 
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Table 1 



(1) R-OCH-CHor— ^U;--?— tUHCHzCH?0)-7-R' f = f'or i ^ pJ 

CK 3 

( 2 ) R O C K : C K 2 ^ - - U r~ F — t U ri C H 2 C H 0 R ' 

(3) R-nOCH2CH 2 r^— tU)-F— <Ur-tCH 2 CH2CH2CH 2 0)^-R' 

C 2 K 5 

(4) R - O CH 2 CH 2 i—i U r- F — f U r-rCK 2 C H 0 7p- R' 

(5) R -:EO)— :Uj- F— fU)—(EO/?C>tq-R' 



(6) R-FO/POV^— tU- 



■UHEO/POrrR' 

q 



a = a or c = a 



(7) R-20/P0 



■Pi" 



rn 



(8) r ■ -fo/f 



(9) R-rEO/POrr— ru- 



U"T:u07 



U-BOt^-R' 



35 



(10) R — — -U-— F— CUr-vEO/TMOTi 



; (11) R-iOrr-UhF-iUHEO/BOr-R' 



i , 



12) R 



: UhEO/TMO;~R' 



(13) R-tR R? U ,rr U — F — U ^ E O /3 0>— R ' 



wherein EO is -OCH 2 CH,--. PO is 



CH 3 
-OCH 2 CH-, 



TMO is -CHrCH : CH 2 CH; O-. BO is 
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C 2 H 5 
-CH : CHO- , 

EO PC'. EO TMO and EO BO each represents a block or ranaom copolymer thereof. -*U)- represents a 
urethane bond. F represents a structure of the moiety of the ditsocyanate com pound e> eluding two 
tsccyanate groups (-NCO) 1 t\ m. n. p. :p a'. s and t each represents a positive integer, and R and FT 
each represents H. CH . C:H= . C.H^ or CM. 

jo In the segmented polyurethane of the above general formula, the necessity of at least one of A and B 

being hydrophiiic is for the purpose of dissolving the hydrophiiic drug m a relatively large amount, while the 
amount is a low concentration level at a degree of taking effect The hydrophiiic drug refers to the opposite 
of the lipophilic drug, and shows an af f inity to /vater. Basically, the hydrophiiic drug has a certain degree of 
solubility in water. Illustrative examples of the drug include prostaglandins, as will oe described ir detail 

-5 hereinafter, nitroglycerin and atropine as well as strophantmn. isoproterenol hydrocnlcride. oxpreroloi 
hydrochloride, captopnl. etc. Also, this segment orov.des a moisture (water) absorbability and is a basis for 
a water-sensitivity by which the polymer s easily disscved in a very minute amount of water on the body 
surface. The water-sensitivity refers to a property of a sharp sensitivity to water m such a manner that the 
pcnymer itself has a moisture absorbability, dissolves upon absorption of a small amount Df water 

20 (moisture), transforms from a solid to a liquid containing water by further absorbing water by itself, and. at 
the same time, a melting temperature 'hereof reduces The basis for the hydrophiiic ity is an ether oygen (- 
C>-> in the molecular chain and -OH at a terminus of the molecular chain. Since -CH - and -C; H-- side chains 
attached to the methylene chain {-CH— ) prevent an access of water to the ether oxygen, ethylene oxide 
which has no such side cham and which has a proportion that one ether oxygen e>ists per two methylene 

^5 groups is. among others, most hydrophiiic. Polymers having side chains are more hydrophobic, and the 
hydrophobicity increases, as the size of an aikyi side chain increases. Further, the terminal -OH shows 
hydrophilicity but. when an alkoxy terminus such as -OCH,. -OCH:, -OC , H or -OC; H= is formed, the 
hydrophobicity increases depending on the order of size of the aikyl moiety shown herein. Accordingly 
when the segments in both sides of the urethane bond are EO the degree of hydrophilicity can be 

?o delicately adjusted by making the termini hydrophobic using the alkoxy termini. 

In order to take advantage of the inherent p r operty of the segment an e<cessively ong alky I chain 
length in the alkoxy termini is not preferred since it affects the hydrophilicity of the whole molecule and also 
alters a melting temperature of the polymer from the inherent one. As one approach the terminus can be a 
long aikyl chain or an ester bond with an aromatic carbo>vtic acid as in the conventionally used non-ionic 

35 surface active agents. However, in this case, due to an cohesive force of the ester bond, an interaction of 
the drug with the ester bond is involved in addition to the interaction between the ether bond in the 1 segment 
and the drug and hence the control of slow-reioasing becomes difficult. Also, similar to the case where the 
terminus is the aiko»y terminus obtained by using a long aikyl alcohol, the ester bond is considered to 
affect greatly the solidifying point and the amphipathicity . the alkoxy terminus obtained by using a short 

40 aikyl alcohol within the scope of the present invention is preferred. 

Further, the degree of hydrophilicity (hydrophobicity) can be adjusted by using a segment of the above- 
described copolymer containing EO in proportion to a ratio of EO. From this viewpoint, a combination of 
segments on both sides of the dusocyanate compound can be illustrated as shown in Table 1 . 

The heat-sensitivity which causes transformation from a solid at ordinary temperature to a viscous liquid 

45 upon melting near the surface temperature of the human skin can be adjusted by a molecular weight of EO 
or tetramethylene oxide (TMO). However, when the viscosity in a molten state is considered, the heat- 
sensitivity is preferably adjusted by EO. The expression "near the surface temperature of the human skin" 
used herein means a temperature zone of from 30 to 40 1 C while the expression "ordinary temperatures" 
as used herein means a temperature range which is not lower than 0 5 C ana lower than 30 3 C. The human 

50 skin temperature falls within a range of from 30 to 37 5 C. Aiky ; ene oxides other than EO and TMO are liquid 
at ordinary temperatures and are not factors of the heat-sensitivity. Rather, the other alkylene oxides are 
expected to have a function as a hydrophobicity-providing segment of the amphipathicity and serves as a 
factor of an affinity to a hydrophobic drug. In the case of 'he copolymer containing EO, copolymers which 
satisfy the requirement for transformation by heat e>ist. depending upon a ratio and a molecular weight of 

55 EO. and a type of the copolymer (whether block or random) and a molecular weight of EO contained 
therein, but many of the copolymers have no definite solidifying and melting temperatures as compared 
with those of the polymer of EO alone. Also, these copolymers containing EO are not a crystalline hard 
solid and thus there is a problem in the use of such copolymers as a stable solid phase for storing the drug 
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for a long period of time. Further, since such copolymers containing EO necessarily have relatively high 
molecular weight;: due to the necessity in the chemical structure thereof, the viscosity in the molten state is 
fairly high. Such a high viscosity is not preferred from the standpoint of diffusion of the drug, but the 
copolymers can be used depending upon the type of the drug (for example, more hydrophobic drugs). 

An example having a polymer of EO alone in at least one cf the segments is described hereinafter In 
the polyethylene glycols which are polymers of EO alone, a number-average molecular weight of the 
material (polymer) which undergoes a solid-liquid transformation near the temperature of human skin 
surface, at 30 to 40 a C. is about 800 to 1200 and. for example, a solidifying temperature of the material 
(polymer) having a number-average molecular weight of 1000 is 37.1 J C (the regulated value in Phar- 

jo macopeia of Japan: 35 to 39 °C). and thus that having a number-average molecular weight of from 800 to 
1200 is preferably selected. 

In the case of (1) in Table 1. when a number-average molecular weight of 1000 is used in either of EO 
segments, an average molecular weight of 200 to 1000 may be used in the other segment. Both termini can 
be an alky I ether or -OH. These polymers may be selected depending on the properties of the drug. An 

75 attention should be paid to a solidifying point for e> ample, when segments of a number-average molecular 
weight of 1000 having a solidifying point of 37.1 °C are used in both segments The solidifying point of the 
polymer having an average molecular weight of 2000 in the case where polyethylene glycols having an 
average molecular weight of 1000 are merely bonded is about 45 3 C, but the soidifymg point in the above- 
described case is substantially the same as the solidifying point of the polymer having an average 

20 molecular weight of 1000. The solidifying point reduces by a degree of only about 1 to 2 ° C depending 
upon the terminal alkyl group. This indicates that the structure of the dnsocyanate compound as a spacer 
between the linked segments avoids the affects on the solidifying point caused by the EO chains in the 
polyethylene glycol, the length of the molecule and the intermolecuiar or intramolecular cohesive force 
produced by the terminal groups, whereby the intermolecuiar or intramolecular motion inherent to the 

25 segment are made independent and thus the solidifying point based on a number -average molecular weight 
of 1000 appears substantially as it is. The above facts are the basis for designing the polymer molecule 
satisfying the object of the present invention That is, even when the tctal molecular weight becomes large, 
the solidifying pomt thereof remains at a temperature near that of the constituting segments and thus it is 
possible that one of the segments is provided with others functions. 

30 The construction of (2) in Table 1 is an example in which a propylene oxide (PO) chain is introduced in 

one of the segments, and the PO chain is relatively hydrophobic due to -CH 3 present in the side chain 
However, if the molecular weight is several hundreds or below and the terminal -OH remains, a hydrophilic 
characteristic still remains due to the effect of this hydroxy! group. Accordingly, in the case of (2) in which 
the EO segment is present in one side, a molecular weight of the PO segment cf up to about 1000 is used 

:?5 This is also a limitation of the length with consideration of the melt viscosity. 

The constructions (3) and (4) in Table 1 are examples having more hydrophobic segments in one side 
and are useful fot a hydrophobic drug. The molecular weight of these segments is suitably up to a number 
average molecular weight of about 1500, preferably from about 300 to about 1500, with consideration of the 
same factor as in (2). 

40 The construction (5) in Table 1 is the case using an EO PO copolymer in one side. Although a degree 

of hydrophilicity and hydrophobicity varies depending upon the ratio and the molecular weight of the EO 
and the type of copolymer, the polymer can be adjusted to be more hydrophobic: than the case in which the 
both segments are EO polymers and can be adjusted to be more hydrophilic than the case; of (2). Also, its 
melt viscosity is between the cases of (1) and (2). Copolymers are commonly inferior in the crystallinity to a 

J5 homopolymer. Accordingly, when a crystalline segment of the EO polymer is used in one side, the heat- 
sensitivity thereof varies sharply. Also, in the case of a random copolymer the molecular motion of the 
molecular units randomly arranged in the random copolymer, particularly an actively moving characteristic 
of the small units therein, provides desirable results to the diffusion and the release of the drug. etc. 

Further, in the case of (5) and the subsequent polymers, the molar ratio of EO and the other component 

f )0 m the copolymer containing EO is appropriately selected so that the molar ratio of EO falls m the range of 
10 to 90%, preferably 30 to 70° o. 

The above-described facts are similarly applied to the combination of (6) and the subsequent polymers 
m Table 1 and. with consideration of characteristics of drugs, etc. ana releasing patterns required for drugs, 
etc., a combination of these segments can be selected. Also, the type of the terminal groups can be 

. £ )5 selected in a similar manner. 

The total molecular weight of the polymers represented by these structural formulae vanes depending 
upon the combination of each of the segments, but is approximately from 1000 to 6000. preferably from 
1200 to 2500. 
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The- dusocyanate navmg the structure of the intervening F : n the above-described genera: formula can 
Do selected from p-pnenyiene dusocyanate. 2.4-teiuyene an secy an ate <TDb 4.4-oioneny imethane 
d.isocyanate (MDI). naphthalene 1 ,5-dnsocyanate. hexamethyiene dusocyanate. tetramethylene 
d isocyanate lysine di-soc yanate. xylyiene dusocyanate and n /arogenated TDi. hydrogenated MDI 

-;. d c /clohexy cJimethyimethane o.p'-dnsocyarate. isoprorcre dusocyanate. etc However, since a structure ir 
which the both segments are extending hneany tends to exhibit a neat-sensitivity more sharply and to have 
a low melt viscosity, a ansccyanate having a mear s^uctjre is desirable ano also an agnatic dusocyanate 
.s mote preferred than an aromatic or al e /chc dnsoc/anate in yiew cf ease m molecular motion A 
pc I /functional compound such as a trusocyanate may be used but is not f: referred since the melt viscosity 

'o r nereof becomes generally high 

The cohesive force ot the urethane bond (-NH-COO-) formed by the reaction between such a 
dusocyanate and an alkylene glycol is 8 74 ( *cal mol) Since this value is high as compared wth 0.68 for 
-CH-. 1.36 for -CH(CH;)-. 1 77 for -CH , and 1.00 for -O- which are constituting unit molecules of alkylene 
glycols and functions to increase rhe melt viscosity, it is convenient for adjusting a viscosity to a preferable 

*o degree for a drug storing layer. In fact, the polymer according to the present invention having these 
intervening jrethane bonds has a melt viscosity slightly higner than that ot an alkylene giycol having the 
same molecular weight and, therefore, is effective for delicately ::cntrolling the drug releasing. If the me t 
viscosity is too low, it is not preferred since t h e polymer flows down from the skin. Also, urethane molecule 
between both side urethane bonds have an appropriate molecular length suitable as a spacer between the 

20 both segments and have a suitable function ; or an independent molecular motion of each segment. 

The segmented polyurethane having the above-described structure can be synthesized by. for example 
f he following method. First, poiyaikylene g'ycols i esoectiveiy having the segments A and B in the above 
general formula are dehydrated and dried at 60 : C under reduced pressure- by using a vacuum dryer. After 
measuring the OH values of these poiyaikylene glycols and the NCO value of the dusocyanate having the 

20 structure F of the above general formula by conventional methods, the poiyaikylene glycols of A and B ano 
the above-described dusocyanate F are m-<ed togo^c in sucn a manner as to give a molar ratio of 1:1:1 
and reacted in an inert gas {for example. N. ) atmosphere at 70 ; C by using a catalyst such as di-n-butyitm 
d-aurate or without using any :atalyst. in this :ase. the -eaction is carried out while dropping the 
dusocyanate F into the poiyaikylene glycols of A and B. The end point of the reaction is assumed by IR 

30 absorption spectrum when an absorption at 2250 cm""' oy the isocyanate group disappears. 

A drug may be incorporated into this segmented polyurethane by heating the polymer to 40 to 60 ; C to 
thereby melt the same and adding a definite amount of the (drug thereto followed by dissolution cr 
d.spersion by mixing and stirring. When the polymer has a relatively high melt viscosity the dissolution can 
be achieved within a short period of time by adding a solvent both for the drug and the polymer. Next, the 

jo solvent may be removed by evaporation under reduced pressure. 

Next the drug-releasing controlling membrane 5 will be explained. As Fig. 3 shows this drug-releasing 
controlling membrane 5 is a phase-separated membrane (a membrane having separated phases) compris- 
ing a mixture of a crosshnked gelatin phase 5a and an uncrosslmked segmented poly jrethane phase 5b. 
Generally, a phase-separated memorane means a membrane m a state where two or more different 

40 phases are present in the membrane as a mixture. An interface of the phases is physically weak, and 
permeation is considered to occur from the ocundarv. The phase transition of the mixed polymer system 
proceeds over a broad temperature range, and the poiymer having a higher crystallization temperature (To 
tends to cause the phase-separation earlier. 

Polymer alloys which are multi-component polymer systems comprising a combination of chemically 

40 different polymers are classified into a group having a micro-phase-separated structure of a block or graft 
copolymer in which heterogeneous polymers are linked through a covalent bond, and a group of a poiymer 
blend having a phase-separated structure in which heterogeneous polymers are present as a mixture in a 
macro-phase. The phase-separated membrane employed as the drug-releasing controlling membrane 5 m 
the present invention belongs to the latter polymer blend The membrane can be obtained by the solution- 

so cast blends method in which the membrane is made by casting of a solution in wate^ wrvch is a solvent for 
both of the gelatin and the segmented polyurethane. 

Generally, in an amorphous polymer blend system, a phase sc-paration showing the phase pattern of 
LCST type (a lower critical solution temperature) and UCST type (an upper critical solution temperature) 
occurs. In this case, the phase pattern of a two-component system of a liquid liquid phase separation type 

50 is separated by a binodal curve connecting the cloud points and a spinodal curve connecting the changes 
in the free energy curve of blend. The inside of the spinodal curve is an unstable area, and the presence of 
even slight fluctuation in the concentration causes a reduction in the free energy and the phase separation 
proceeds. This phase separation is called "spinodal decomposition (SD) M . 
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In the case of physical blends such as the above-described solutton-cast blends, their comoonents are 
rarely mt>ed uniformly and adhesion of the both components is poor and. hence, a material (membrane) of 
good quality cannot be obtained unless the both components are blended as uniformly as possible. 
Accordingly, polymers having a certain degree of miscibility with each other are selected for the compo- 

5 ncnts. An aqueous solution of gelatin and an amphipathic (hydrophilic) segmented polyurethane of the 
present invention forms a metastable compatible region between the binodal curve and the somodal curve, 
and this promotes a stable and a certain degree of nucleation and growth (NG) bv an increase in the 
concentration of the both components in the progress of water evaporation. The metastable phase 
separation structure generated by the NG mechanism and the SD in the above progress depends upon a 

w water evaporation rate, a cooling rate and a viscosity change in the system, ana is not determined only by 
thermodynamic properties of the system. In summary, the progress of the formation of the phase-separated 
membrane according to the present invention can be effected by, in principle, the spmodal decomposition 
by the solution-cast blends method. 

To describe more specifically, the gelatin phase 5a of the phase-separated membrane forms a skeleton 

75 of the membrane and is present at a proportion of at least 40°o. preferably from 60 to 80% based on the 
total weight of the membrane, and forms a three-dimensionally continued phase On the other nana the 
segmented polyurethane phase 5b plays a role of pathway which predominantly permeates drugs and other 
chemical substances and is present at a proportion of 60% or less, and preferably from 20 to 40%. based 
on the total weight of the membrane, and forms a continuous phase at least in the thickness cirection of the 

20 membrane. 

It is necessary that the above-described gelatin phase 5a has been made water-insoluble by crosslin- 
king. The reason is that, if the gelatin phase 5a is uncrosslinked, it is dissolved by moisture e-uded from 
the skin upon application of this phase-separated membrane to the skin after peeling off the liner 6 and the 
shape of the membrane cannot be sustained. However, the segmented polyurethane phase 5b should be 

25 uncrosslinked and must retain its fluidity, if the segmented polyurethane phase 5b is crosslinked, it 
becomes a gel or solid state and is unable to move by its melting and fluidity and. hence, the immersion 
and the permeating movement of the drug, etc. are disturbed. The term "crosslmked" as used herein 
means that the molecular chain is in a three-dimensional form to a degree of water-insoluble state, and the 
term "uncrosslinked" as used herein means that the molecular chain is linear and is not a three-dimensional 

30 form at ail. 

The segmented polyurethane phase 5b must be a solid state at an ordinary temperature If the 
segmented polyurethane is a liquid state at the ordinary temperature, it bleeds out from the phase- 
separated membrane. However, if the segmented polyurethane phase 5b is in a solid state when the phase- 
separated membrane comes in contact with the skin, it is fixed in the phase-separated membrane without 
35 oleeding out, and immersion and permeation of drugs becomes difficult and the membrane substantially 
does not function as a permeation membrane for a minute amount of drugs. 

Accordingly, it is necessary that the segmented polyurethane phase 5b is molten to a liquid state at from 30 
to 40 'C which is near the skin temperature of human. Such a segmented polyurethane phase 5b which is 
so;id at ordinary temperatures and is molten at from 30 to 40 0 C to a liquid state can be prepared by 

ao adjusting the molecular weight of the segmented polyurethane used, and the type and the molecular weight 
of segments as described above. 

A suitable thickness of the phase-separated membrane is about 5 to 50 urn. preferably about 10 to 30 
urn. When the thickness is thinner than 5 urn, the membrane strength is markedly weakened and the 
membrane formation also becomes difficult. Also, when it is thicker than 50 urn. the permeability of the 

45 drug, etc. is reduced. 

Such a phase-separated membrane is prepared by, for example, the following method. That is. the 
heat-meited segmented polyurethane is mked, while stirring, with an aqueous solution of gelatin and a 
crosslinking agent at a predetermined proportion and, after defoaming, the mixture is spread in a 
predetermined thickness on a base film having a good peeling property, and dried for about 2 days at an 

50 ordinary temperature The temperature for heat-melting varies depending upon the segmented polyure- 
thane. gelatin and the crosslinking agent used, but the heat-molting is generally conducted at 50 to 80 'C, 
preferably 55 to 70 °C. The method for defoaming is not limited and. generally, is effected by. for example, 
an application of ultrasonic wave or defoaming under reduced pressure. The base film having a good 
peeling property is not specifically limited, but a synthetic resin film such as polyethylene torephthalate 

55 (PET), polymethy! methacrylate (PMMA), and the like, is used. The drying method is not specifically limited 
and may be conducted under atmospheric pressure or reduced pressure. However, in order to ensure the 
quality of the phase-separated membrane to be produced, the drying is preferably conducted in a clean 
room at a constant temperature of 23 3 C and a constant humidity of 65%. In the above-described 
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production method, a proportion of geiatm and the segmented poiyur ethane .s 4:6 to 8.2. preferably 6 4 to 
8:2. and an amount of the crosslinking agent to be incorporated is from 2 to 5 parts cy weight, preferably 
about 3 parts by weight per 1 00 pa*ts by weight of gelatin. 

In some instances, glycerin or \: oiyglycerm idi- tn-. tetra- or hexagiycerm. etc ) iriay oe dissolved in the 

5 aaueous so ution of gelatin When such an agent is incorporated, i: acts as a moisture acscrbtng agent, and 
a ohase-separated membrane having a relatively dry feeling when it •$ m a dried state out having tackiness 
witn a moisture retention propert/ can be obtained. The amount of glycerin or poiygiycerm to be 
incorporated is surabiy from 20 to 60 parts preferably from 30 to 50 parts, per 100 parts of gelatin 
Glycerin or polygly:enr is dissolved m geiatir and the segmented polyurethane m the step of mi> ng and 

?o stirring and, therefore, contained m Doth of the geiatm phase 5a and the segmented poryurethane pnase 5b 
after the phase-separation. 

The raw material gelatin used can be a commercially available material or tnat is produced by a known 
method, and a desalted alkali gelatin which has been subjected to an alkali-treatment can be preferably 
usees. Gelatin is a polypeptide obtained by decomposition and purification of col agen of animal skin Dr bone 
origin, and the aikaii-treatment as referred to above means decomposition of collagen by soaking it m an 
alkali such as lime. Gelatin also includes an acid-treated gelatin, but the acd-treated gelatin is brittle due to 
its weak strength and thus is not suitable. 

Further, as a crosslmkmg agent for gelatin, formalin or glutaraldehyde is conventionally known, t: ut a di- 
and or polyepoxy type crosslinking agent having a relatively long spacer is suitably used in the present 

20 invention since it is low m toxicity, is capable of fcrming a >arge cosslmked network chains of gelatin and is 
liable to form a flexible membrane. Examples o f such crosslmkmg agents include polyethylene glycol 
digiycidyl ether, polypropylene glycol digiyddyl ether, neopontyl glycol diglycidyl ether, 1 .6-he -anediol 
digiyctdyl ether glycerol polyglycidyl ether, tr imethylolpropane polyglyody! ether, diglycerol polyglycidyl 
ether, polyglycerol polyglycidyl ether, etc. Gelatin is crosslinked by the reaction between the epoxy group 

Jt in these- crosslinking agents and the constituting molecule of gelatin, for example, an amino group. 

On the other nana, as the segmented polyurethane. a heat-sensitive and water-sensitive polymer 
represented by the above general formula can be suitably used as such As described above, such a 
polymer makes it possible- to adjust and select the tyoe of the alkylene oxides constituting the segment, 
molecular weight, copolymer type, the proportion of EO in the- copolymer, terminal groups, dnsocyanates, 

30 and the total molecular weight of the polymer. Also, the melt viscosity, the degree of hydrophilic or 
hydrophobic (lipophilic) property and interactions can be adjusted thereby and thus the rate of diffusion or 
transfer and the penetration amount of drugs can oe strictly controlled. This segmented polyurethane may 
be: either the same as the one constituting the drug-storing layer of the present invention or different 
therefrom, so long as it <s represented by the above general formula R-A-(U)-F-(U)-B-R\ though it is 

35 generally preferable to use the same one. 

The phase-separated membrane as described above may be reinforced with a fiber net and the like, if 
necessary. Examples of the fiber net include synthetic resin fibers such as polyamide fibers and polyester 
fibers. In reinforcing with a fiber net, a fiber net can be soaked in the above-described preparation solution 
'Containing a segmented polyurethane. gelatin and the crosslmkmg agent and, after lightly saueezing the net 

40 to such a degree that openings of the net are filled even after crying the openings of the net the net can be 
dried by spreading on a substrate film having a good peelmg-off characteristic. The drying may be 
performed in accordance with the above-described method. The thickness of this reinforced membrane is 
from 100 to 250 um in the fiber net part and from 5 to 50 um in the phase-separated membrane part. 

The drug to be contained in the drug-storing layer of the present invention is not particularly restricted. 

jj; as long as it can be transdermally absorbed. The objects of the present invention can be achieved by using 
either a hydrophilic drug or a lipophilic one. or either a solid drug or a liquid one. Examples of the drug 
include the following compounds. 

a) Prostaglandins (PG) (for example. PGA, PGD. PGE. PGF PGI. 6-keto-PGE. 6 9-nitnlo-PGI- . 6.9- 
methano-PGI: , derivatives thereof, etc.). 

50 b) Vasodilators (for example, nitroglycerin etc.). 

c) Corticosteroids (for example, hydrocortisone, betamethasone, etc.). 

d) Antiinflammatory agents (for example, mdomethacm, ibuprofen. etc.) 

e) Antibiotics (for example, penicillin, erythromycin, etc.). 

f) Hypnotic sedatives (for example, phenobarbital. etc.). 
55 g) Anesthetic agents (for example, benzocame. etc.). 

h) Antimicrobial agents (for example, pentamyem. etc.). 

i) Vitamins (for eomple. vitamin A. etc.) 

j) Anticonvulsives (for example, atropine, etc.). 
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k) Hormones (for e> ample, testosterone, etc.). 
The content of each of these drugs in the base may be appropriately determined depending on the 
efficacy of the drug, the age and conditions of a patient, the desired therapeutic effects, the application site 
and the desired period of sustained release. 

5 

Action 

The transdermal absorption preparation of the present invention comprises the above-described 
segmentec polyurethane as the base of the drug-storing layer 4 and the above-described phase-separated 
w membrane as the drug-releasing controlling membrane 5 (drug permeation membrane) and. therefore, has 
the following action and effect. 

(1) The above-described polymer is a crystalline or paste-like solid at ordinary temperature below 30 0 C 
and is capable of stably storing a physiologically active agent which is easily deteriorated by air 
moisture or heat (e g.. a prostaglandin, an antibiotic, a vitamin, an abortion-inducing agent, a hypnotic, a 

15 sedative, a tranquilizer, an anticonvulsant, a muscle relaxant, an antiparkinsonian agent, an analgesic, an 
antipyretic, an anti-inflammatory agent, a local anesthetic, an anti-ulcer agent, a microcidai agent, a 
hormone, an androgen steroid, estrogen, a sympathetic stimulating agent, a cardiovascular agent, a 
diuretic agent, carcinostatic and anticancer agents, an anti-hypoglycemic agent and nutrients) in the 
drug-storing layer 4. In particular, the drug which is solid at ordinary temperatures does not undergo 

20 transfer during the storage 

(2) Since the base polymer of the drug-storing layer 4 easily becomes a liquid having a low viscosity at a 
temperature near the skin temperature of the living body, which is an amphtpathic liquid in which both 
the water-soluble or hydrophilic segment and the hydrophobic segment exist together it completely 
dissolves most of the drugs which are solid at ordinary temperatures if its amounts is a relatively small 

25 amount but can take effect and uniformly disperses the drug in a molecular state at the portion of the 
segment having a high affinity to the drug. Accordingly, in most of the cases, a solvent is not necessary 
for dissolving the drug in the polymer, and thus a means for completely evaporating the solvent is not 
requirect and a possible risk caused by the toxicity of the residual solvent can be avoided. 

(3) When the liner 6 is peeled off and the transdermal absorption preparation is applied onto the skin, the 
30 segmented polyurethane phase of the phase-separated membrane (drug-releasing controlling membrane 

5) is liquefied due to the skin temperature and easily dissolved in a small amount of water exuding from 
the skin. Further, the gelatin phase of the phase-separated membrane swells with water. Also, the 
segmented polyurethane serving as the base in the drug-storing layer 4 is melted and dissolved to 
become a liquid due to the skin temperature and water. 

35 If a drug is dispersed in a system where both of the drug and the base are solids, there arises no 

distribution of the drug to the membrane. If either the drug or the base or both are liquid, the drug is 
distributed between the membrane and the base polymer in a closely contacted state. Namely, when the 
base comes in contact with the phase-separated membrane, the drug concentration in the base is not 
the same as that in the membrane and a gradient in the concentration of the drug occurs between them 

40 However, in the system of the present invention comprising the solid base and the solid drug for 
stabilising the drug and preventing it from transfer toward the surface during storage, the polymer is 
liquefied due to the skin temperature and water upon application and then., transfer of the drug onto the 
membrane becomes possible for the first time. In this system, therefore, the distribution coefficient from 
the base to the membrane is an important factor for membrane permeation. More specifically, when Km 

45 stands for the distribution coefficient to the membrane, AC stands for the difference in the concentrations 
between the front surface and the back surface of the membrane, Cv stands for the concentration in the 
base. Dm stands for the diffusion coefficient, and hm stands for the membrane thickness, the permeation 
amount Jm is represented by the formula: 



K m • D m • C v 



J m 



- = K P A C 



h m 



wherein Kp is the permeation coefficient. That is, the permeation amount is determined by the 
concentration of drug and the distribution coefficient in the base. In the phase-separated membrane, the 
segmented polyurethane represented by the above general formula R-A-(U)-F-(U)-B-R\ which is either 
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ye same as the base or different therefrom, is buried r the membrane as a micrcpnase Accor Singly, t 
s fiuidized as a liquid, and leaked out of the membrane and transferred to the skm. This f act indicates 
that the distribution coefficient i e .. the permeation coefficient greatly increases. 

The viscosity of the molten segmented polyurethane is about 2.000 cent poise or iess which is a iow 
value as compared with the viscosity of approximately 5 000 to 10.000 :entipcise of tne poiymers 
described in the prior JP-A-63-108019 (U.S. Patent No. 4.762.899) and JP-A-63- 1 468 1 2 Accordingly, the 
drug dissolved in the base polymer diffuses therein and is transferred to the skin side at a high 
proportion The polymer is flumized ana transferred tc the skm from the pnase-separated membrane, and 
thus the efficiency of the drug to reach to the skin is improved. Such a system is effective for procucmg 
a transdermal absorption preparation having a high releasing ratio in which a drug is contained at a low- 
concentration or a physiologically active substance is contained m a very minute amount of from several 
micrograms to several hundreds micrograms per prescription. The viscosity referred to herein means a 
viscosity measured by Brookfield type rotational viscometer using No. 4 rotor at a rotation of 60 r.p.m. 

According to T. Higuchi (J. Soc. Cosmetic Chemists, 11. 85 (1960k. the releasing amount of the 
drug with respect to the release from a solution state has the following correlation at the initial stage' 



M = 2 C O 



wherein: 

M: Amount of drug released per unit area 
Co: Initial concentration ot drug in base 
Dv: Diffusion coefficient of drug in base 
t: Time. 

if the releasing stage from the- base material is a rate-determining steo. That is. the releasing amount is 
proportional to the initial concentration, the diffusion coefficient and the time. When Co and t are 
constant, the releasing ratio depends on the diffusion coefficient Thus, it would be understood that there 
is significance in the present invention where the viscosity of the- melted base polymer is reduced for the 
purpose of increasing the diffusion coefficient. 

Incidentally, according to the formula of WMke {Wilke: Chem. Eng. Progr. 45. 218 (1949), the 
diffusion coefficient in the liquid phase is indicated as follows: 

r - ' x M 2 '' l ' ' 2 7 

i 1 ,* 0 o 

U 2 v [ 



wherein: 

D L : Diffusion coefficient (cm : sec) of solute molecule at temperature T ( ~- K) in a dilute solution 

comprising solvent 2 and solute 1 

M - U; : Molecular weight and viscosity (centipotse) of solvent 

>: Degree of association of solvent 

V- : Molar volume at boiling point of solute 

Accordingly, it is understood from the above formula that the diffusion coefficient increases as the 
viscosity of solvent decreases That is. it is well supported that as the viscosity of the base after melting 
decreases, the diffusion coefficient of the drug increases whereby the transfer to the skin side which is a 
low concentration side increases. 

(4) Since an EO polymer is selected as a hydrophilic segment in the segmented polyurethane serving a? 
the base of the drug-storing layer 4, its crystal is liauefied at once in response to heat. Also, the crystal 
is easily dissolved in water exuded from the living body, and the sensitivity to water is sharp. That is. the 
base easily dissolves a hydrophilic drug. However, smce the polymer can be made amphipathic by using 
a hydrophobic segment as the other segment or using an alkoxy groups of an alkyl chain as the terminal 
groups, the degree of the affinity to a hydrophilic drug can be controlled, and the releasing ratio of a 
hydrophilic drug which is difficult to be absorbed by the skin can be improved. 
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(5) In the case of a transdermal absorption preparation of the present invention having a structure in 
which the segmented polyurethane of the base is molten and reached to and contacted with the surface 
of the skin through the drug-releasing controlling membrane 5. a less absorbable drug can be absorbed 
through the skin at a relatively effective way. since the segmented polyurethane can be made 
arnphipathic and thereby exhibits good affinity *o the lipids of the skin. Thus, it is not necessary to use 
an additional absorption enhancer. 

(6) The segmented polyurethane of the base has a molecular structure similar to a polyalkylene glycol 
which has been conventionally used as an additive to drugs and cosmetics. For this reason, skin irritation 
and toxicity are substantially not observed, and the polymer is safe. Also, the polymer is safe since 
residuai monomers do not e> ist. which is different from acrylic polymers. 

(7) Although the viscosity of the segmented polyurethane of the base in a molten state is low to show 
advantage for diffusion, but is not so low that the polymer flows down from the skin upon application. 
The degree of the viscosity is that required for suitably spreading the base on the skin surface which is 
advantageous for absorption of the drug from the skin. The adjustment of such a melt viscosity has been 
achieved by adjusting the type and the molecular weight of the segments and the total molecular weight 
of the base polymer. 

Brief Description of the D rawing s 

Fig. 1 is a sectional view which shows an example of the fundamental structure of the transdermal 
absorption preparation according to the present invention. 

Fig. 2 is a top view which shows an example of the fundamental structure of the transdermal absorption 
preparation according to the present invention. 

Fig. 3 is a partial top view which shows a phase-separated membrane to be used as a drug-releasing 
controlling membrane. 

Fig. 4 is a graph which shows the relationship of the melt viscosity and temperature regarding each of 
the base polymer to be used in the present invention (the poiymer of E<ample 1), the polymer described in 
Example 2 of JP-A-63-1 4681 2 and the polymer described in Example 3 of JP-A-63-1 4681 2. 

1 Surface layer. 

2 Pressure-sensitive adhesive layer. 

3 Hard base. 

4 Drug-storing layer 

5 Drug-releasing controlling membrane (phase-separated membrane). 
5a: Gelatin phase. 

5b: Segmented polyurethane phase. 
6: Liner. 

Best Mode for Carrying out t he Inv ention 

Examples of the present invention are hereinafter described. 

[Example 1 ] 

0 r~i 3 

H — (OCH 2 CH 2 (U ) — r — (U ) — (CH2 CH2 O/CH CH2 0) — H 



wherein a number average molecular weight of polyethylene oxide is 1.000, a number average molecular 
weight of the random copolymer (EO PO = 1 1 ; on the molar basis) is 400, (U) represents a urethane bond, 
and F represents -(CH:)&-. 

A polymer (m.p.: 35.0 to 35.6 ° C) represented by the above structural formula, which was in the form of 
a soft wa< at ordinary temperatures, was heated to 60 ° C to thereby give a transparent liquid polymer 
having a low viscosity (about 1.000 cps). Then, prostaglandin E< (PGE* ) was added thereto in such an 
amount as to give a weight ratio (PGE^ poiymer) = (2.4 97.6) and homogeneously dissolved by stirring to 
give a transparent liquid. This drug which has the melting point of 120 J C was completely dissolved in the 
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polymer Then, the solution was solidified by C'jimg it to an ordinary temperature newer than 30 ; Cj ana 
emoioyea as a drug-storing layer The constitution ef the preparation was as shown in Figs 1 and 2 That 
is. a 1 2-polybutadiene foam (expansion ratio - 5 thickness: 400 urr.. 3 5 ■ 3 5 cm square) A-as used as a 
surface layer. An acrylic adhesive was applied m a thickness of abcut 50 am onto one fa- e of tnis surface 

5 layer. To the resulting adhesive face at the center of the base material, a hard base o* a polyester film 
(thickness 100 am. 2 • 2 cm square) was adhered Then, the polymer containing PGE was over-aid as 
tne drug-storing layer on this film and spread in a thickness of 35 am and 1.5 x 15 cm saua r e Next, a 
phase-separated memtrane. which comprised the abc ve-desenbed gelatin and Hie fame segmented 
polyurothane as the one employed in the above drug-storing layer (polymer gelatin = 30 70 wt. °c 

*o thickness: 20 um, 2.5 x 2.5 cm square*, was overlaid in such a manner as to cover the d'ug-stormg layer 
The phase-separated membrane was produced by mixing under stirring the segmented oolyu r 'ethane :n a 
moiten state with a 5 °o aqueous solution of gelatin and a crosslinkmg agent (glycero poly giycidyl other) at 
a weight ratio of 2.4 97 45 0.15, defoaming the resulting mixture and spreading it onto a polyethylene 
tereohthalate film in a thickness of 600 um followed by drying m a clean room at 23 ' C and a humidity of 
65 for 2 days. Further, a silio -^-treated mold-release paper was adnered thereto as a >ner and thus the 
pre -ation was completed. This aration contained 200 ug sheet of the drug. 

This preparation was introduL into a moistureproof aluminum-deposited film bag for packaging and 
sealed therem together •> silica in vacuo. After storing at a temperature lower than 25 3 C for 1 year 
the preparation was ta out fr n the bag again. Then, the content of the drug was measured a ^d 

20 compared with that be ere storage to thereby examine the stability of the drug. As a -esult. almost - ' 
change- was observed, which proved excellent storing stability. After peeling off the Imer the preparat .■*■■ 
was applied onto the human skin at the inside of an upper arm and the amounts of the drug thus absorbed 
transdermally was calculated by measuring the amount of the drug remaining in the preparation and 'hat on 
the skm surface by liquid chromatography. The amount of the drug remaining on the skin surface was 

25 recovered bv wiping the skin surface with gauze, absorbent cotton, or the like and then soaking them in a 
solvent such as ethyl alcohol, etc. to thereby extract the drug. Similarly, the drug remaining in the 
preparation was recovered by soaking the preparation in a solvent such as ethyl alcohoi, etc to thereby 
extract the drug. As a result, it was found that 20 ug, 40 ug. 60 ug and 80 ug Df the drug had been 
transdermal^ absorbed into the body respectively after 6. 12, 18 and 24 hours, which suggests that the 

30 drug was released almost cm the 0 order. Although no absorption enhancer was employed m this case, it 
was p "ved that the drug was transdermally absoroed at a high ratio as a preparation containing a minute 
amour of the active ingredient Also, this preparation was not irritative to the SKin. Therefore, it had 
sufficient practical value 

3b [Example 2] 



CHj — (OCH2CH2 )— (U)-F-(U)-(CH 2 CH2 0)^- H 

40 



wherein a number average molecular weight of methoxypolyethyiene oxide in the left segment of the 
molecular structure is 400, a number average molecular weight of polyethylene oxide in the right segment 

45 is 1.000. (U) represents a urethane bond, and F represents a structure of the moietv of hydrogenated 2.4- 
toluylene dnsocyanate (hydrogenated TDI) excluding two isocyanate groups. 

Simitar to the procedure of Example 1. prostaglandin E- was dissolved in a pol represented by the 
above structural formula, which was in the form of a wax at ordinary temperat m.p.: 36 - 37 C C> 
provided that a small amount of ethanol was added for facilitating the dissolution. -en. the ethanol was 

50 removed by evaporation under reduced pressure. 

Next, a preparation was manufactured in the same manner as the one employed in E-amp;e 1 and the 
amount of the drug transdermally absorbed was monitored. As a result, a sustained release pattern on the 0 
order was also observed in this case and about 75 ug of the drug had been transdermally absorbed after 
24 hours. Although no absorption enhancer was employed in this case too, the absorption ratio was 

55 relatively high as a preparation containing a minute amour; of the active ingredient and thus the preparation 
had sufficient practical value. 



16 



EP 0 671 176 A1 



IE-ample 3] 

C2 n 5 

H - ( OCH 2 CH 2 .);- ( U ) - F- ( U ) - ( C H 2 CH O )-— C H3 



wherein a number average molecular weight of polyethylene oxide is 1,000. a number average molecular 
weight of meto>:ypolybutyiene oxide is 600. and F represents -(CH ■■)$-• 

Similar to the procedure of Example 1. prostaglandin E- methyl ester (PGE< methyl ester) was 
dissolved in a polymer represented by the above structural formula and a phase-separated membrane was 
75 adhered thereto, thus giving a preparation. This preparation also achieved favorable results in an application 
test. It showed a release pattern on the 0 order and the transdermal absorption ratio reached about 50 °o 
after 48 hours. 

[E-ample 4] 



C 2 H 5 — ( 0 C H 2 C H 2 ') - ( U ) - F - ( U ) - ( C H 2 C H 2 Cr 1 2 0 H 2 O ) — H 



wherein a number average molecular weight of polyethylene oxide ethyl ether is 1.000, a number average 
molecular weight of polytetramethylene o>ide is 600, and F represents a structure of the moiety of the 
isopncrone dusocyanate excluding twc isoc/anate groups. 

30 A crystalline waxy polymer represented by the above structural formula was heated to 60 ° C to thereby 

give a transparent liquid polymer having a sow viscosity. Then, testosterone was added thereto as a drug in 
such an amount as to give a weight ratio (testosterone polymer) = {0.5 99.5) followed by thoroughly stirring. 
Although this drug has a melting point of 153 to 157°C. the complete dissolution of the drug was confirmed 
by microscopic observation. Then, a transdermal absorption preparation was manufactured in the same 

35 manner as in Example 1. This preparation was applied onto the human skin and the drug releasing ratio 
was measured. The drug releasing ratio after 48 hours was about 40 %. 

[Example 5] 



H-(CCH2 CH2 ) — (u)-F-(U)-( CH 2 CH 2 O) — 



45 

wherein number average molecular weights of polyethylene oxides are 1,000 and 400. and F represents 

"(CH; ),-. 

A crystalline waxy polymer represented by the above structural formula was heated to 40 0 C to thereby 
give a transparent liquid polymer having a low viscosity. Then, betamethasone sodium phosphate (dex- 
50 amethasone sodium phosphate) was added thereto as a drug in such an amount as to give a weight ratio 
(betamethasone sodium phosphate polymer ) = (1.0 99.0) followed by thoroughly stirring. Then, a transder- 
mal absorption preparation was manufactured in the same manner as in E<ample 1 This preparation was 
applied onto the abdominal skin of a rat and the releasing property of betamethasone sodium phosphate 
was examined. As a result, it showed a favorable releasing performance. 

55 



17 



EP 0 671 176 A1 



[Example 6] 

A poiymer represented cy the structural formuia of the above Example 1 was used aro PGE- was 
added thereto m such an amount as to give a weight ratio (PGE- polymer) = (2.4 97.6) to prepare a drug- 
storing layer by the same manner as m Example 1 As a phase-separated memb-ane. a mature of the 
poiymer geiatin glycerin (25 55 20. wt 3 0 .i was shaped into a memorane and adhered tc the above- 
described crug-stonng layer in the same manner as in Example 1 to thereby give a preparation. This 
preparation was applied to the human skin ana tne transdermal at sorption was measured. As a result, the 
drug was released m aimcst the same amount as that of Example 1 

[Comparative E -ample 1] 



!s NHCO ro( CH2 ) 5 C]— OCM2 CH2 O- [C(CH 2 ) 5 C] — 



-{■-')■ 



:H2 CH2 0 H 



wherein a number average molecular weight of poly t-caprolactone is 530. a number average molecular 
weight of polypropylene o^ide is 400. a number average molecular weight of polyethylene oxide is 1,000. 
(U) represents a urethane bond and F represents -(CH. : ) r -. 

A polymer represented by the above structural formula is that described in E<arnple 2 of JP-A-63- 

30 146812 and having a melting point of 36 to 37 : C. The same drug as used in Example 1 of the present 
invention was dissolved in this poiymer in the same amount and by the same method as those Df Example 
1 to thereby give a 'ransderma! absorption preparation. Similarly this preparation was applied to human 
skin. As a result, only a relatively small amount (less f han 30 ug) of the drug was transdermal! / absorbed 
after 24 hours. It is considered that one of the major reasons therefor resides in me fact that this polymer 

35 had a high melt viscosity and thus only poor diffusion and transfer of the drug were achieved. 



[Comparative E -ample 2] 



40 



CM 5 

0CH 2 CH 2 )-(U)- r -(U)-(OCHCH 2 )-(U 



V) 



45 



(. OCH 2 CM 2 CH 2 CH 2 ) - OC2 H 5 



50 wherein a number average molecular weight of polyethylene oxide is 1.000. a number average molecular 
weight of polypropylene oxide is 400. a number average molecular weight of polytetramethyiene oxide is 
650. (U) represents a urethane bond, and F represents -(CH ; K-. 

A polymer represented by the above structural formula is that described in Example 3 of JP-A-63- 
146812. The same drug as used in Example 1 of the present invention was dissolved in this polymer in the 

55 same amount and by the same method as those of Example 1. Next, the obtained solution was solidified by 
cooling to an ordinary temperature lower than 30 3 C to thereby give a drug-storing layer. A preparation of 
the same constitution with that of E<ample 1 of the present invention was manufactured but using a 
reactivating gelatin membrane (thickness: 20 am) described in Example 3 of JP-A-63-146812 was used as 
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a drug-releasing controlling membrane. Then, this preparation was applied to human skin at the inside of an 
upper arm and the amount of the drug transdermal^ absorbed was measured. As a result, the drug was 
absorbed only in a small amount {i.e.. 9 ug. 15 ug. 20 ug and 24 ug respectively after 6. 12. 18 and 24 
hours), thus showing a poor absorption ratio. It is considered that the reasons therefor reside in that the 
polymer in the drug-storing layer of this Comparative Example had a high melt viscosity, compared with the 
preparation of the present invention, and thus only poor diffusion and transfer of the drug were achieved, 
and that the reactivating gelatin membrane used as the drug-releasing controlling membrane had a low 
drug-permeability. 

Thus, the melt viscosities of the polymer of Example 1 of the present invention and the polymers of 
Examples 2 and 3 of JP-A-63-146812 were measured. Fig. 4 shows the results. As described above, these 
viscosities were measured by Brookfield type rotational viscometer using No. 4 rotor at a rotation of 60 
r.p.m. 

The polymers of Examples 2 and 3 of JP-A-63-146812 each shows a high melt viscosity of about 7.000 
cps around its melting point followed by a slow decrease in viscosity with an increase in temperature. On 
the other hand, the polymer of Example 1 of the present invention shows a low melt viscosity of about 
2,000 cps even around its melting point and a lower viscosity of 1 ,000 cps at about 60 ° C. The viscosities of 
these three polymers do not reach the almost same level until the temperature exceeds 100'C. These facts 
support that the low viscosity of the polymer of the present invention facilitates the diffusion and transfer of 
the drug and contributes to the increase in the transdermal absorption level. 

Industrial Ap plicabi lity 

As is apparent from the above descriptions, in the transdermal absorption preparation of the present 
invention, the segmented polyurethane serving as the base of the drug-storing layer is solid at ordinary 
temperatures and becomes liquid at a temperature near the skin temperature of human. In addition, this 
po'yurethane has a hydrophilic segment and heat-sensitive and water-sensitive characteristics. Also, it has a 
low melt viscosity and has properties which are advantageous to the dissolution and diffusion of the drug. 
Further, it has a property which is advantageous to the spreading on the surface of the skin. In addition, the 
phase-separated membrane employed as a drug-releasing controlling membrane makes it possible to 
control the diffusion rate and the permeation rate of the drug and the amount of the drug permeation. 
Accordingly, the transdermal absorption preparation of the present invention achieves a remarkable effect 
that the drug which has not been easily formulated m a transdermal absorption preparation (i.e.. the drug 
which is solid at ordinary temperatures, water-soluble and less absorbable into the skin, takes effect with a 
small amount, has a short half-life and is liable to be decomposed) can be stored stably for a long period of 
time and. when applied to the skin, such a drug can be transdermal^ administered at a high releasing ratio 
and yet releasing slowly without irritation to the skin. 

Claims 

1. A transdermal absorption preparation which comprises a drug-storing layer containing a drug and 
having a drug-releasing face coated with a drug-releasing controlling membrane, wherein said drug- 
storing layer comprises as a base a heat-sensitive segmented polyurethane represented by the general 
formula: 

R - A - (U) - F - (U) - B - FT 

wherein A and B each represents a polymer of ethylene oxide, propylene oxide, tetramethylene oxide 
or 1 ,2-butylene oxide, or a random or block copolymer thereof. R and FT each represents a terminal H. 
CH 3 , C-hk, CjFb or Cd H g . A = B or A*B. R = R' or R*R\ F represents a constituting structure which is 
a moiety of a dnsocyanate compound excluding two isocyanate groups, and (U) represents a urethane 
bond, and at least one of A and B is hydrophilic and at the same time at least one of A and B has a 
characteristic that it melts near the temperature of human skin (30 to 40 0 C): and wherein said drug- 
releasing controlling membrane is a phase-separated membrane comprising a mixture of a crosshnked 
gelatin phase and the uncrosslinked segmented polyurethane phase. 

2. A transdermal absorption preparation as claimed in Claim 1, wherein at least one of A and B in the 
general formula is an ethylene o<ide polymer. 
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3. A transdermal adsorption preparation as claimed >n Claim 1. wherein one of A and B m the genera^ 
*'cmuia s an ethylene o v .ae pcyner while another one is a tetramethy ie-ne oxide poiymer. 

4. A transdermal absorption preparation as claimed m Claim 1. wherein one of A and B in the general 
•'cmula ;S an ethylene oxioe polymer while another jne -s a butyiene oxiae polymer. 

5. A transaermai absorption oreparation as claimed in Claim 1 , wherein both of A and B m the genera- 
rcrmula a^e ethylene oxide polymers. 

6. A transdermal absorption preparation as claimed in Claim 1. wherein at least one of A and B in the 
general formula is a random or block copolymer of ethylene oxide and propylene oxide 

7. A transdermal absorption preparation as claimed m Claim 1. wherein one of A and B m the general 
formula is an ethylene oxide polymer while another one is a random or block copolymer of ethylene 
o^ide anc propylene oxide. 

8. A transdermal absorption preparation as claimed in any of Claims 1. 2. 3. 4. 5 and 7. wherein a number 
average molecular weight of said ethylene oxide polymer is from 800 to 1.200. 

9. A transdermal absorption preparation as claimed in Claim 1. wherein a total molecular weight of said 
segmented polyurethane serving as a base of a drug-storing layer is a number average molecular 
weight of from 1.000 to 6.000. 

10. A transdermal absorption preparation as claimed in Claim 1. wherein glycerin and or polyglycenn is 
contained in the drug-releasing controlling membrane. 
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Fig. 1 




Fig. 2 
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Fig. 3 
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Fig. 4 
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□ : Polymer of Example 3 in JP-A-63-146812 
A: Polymer of Example 2 in JP-A-63-146812 
#: Polymer of Example 1 of the present invention 
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